introduction
Workers in dental laboratory, often known as dental technicians, during their work are always exposed to a variety of factors that can affect their health condition, such as physical exposure (noise, vibration, illumination, electrics), chemical exposure (gas, dust), radiation exposure (microwave, infrared, ultraviolet) and biological exposure (bacteria, fungi, viruses).
However, pathogenic effects still depend on the concentration of toxins in the air and the duration of the exposure. There are three ways how toxic agents penetrate into the organism, namely inhalation (gas, vapor, dust), direct contact with the skin or mucous membranes and gastrointestinal process (when the norms of hygiene and labor protection are ignored). 1 Various kinds of prosthesis construction, such as crowns and bridges, dentures with cobalt chromium metal frame, acrylic denture and other dental products are manufactured in the dental laboratory. The use of materials to make a wide range of these products may cause health problems for dental technicians or people who work in dental laboratory, such as respiratory disease, skin problems and neurotoxicity. As reported, some cases of breathing problems are found in dental technicians, and an epidemiological study show there is a relation between a high prevalence of pneumoconiosis and exposure duration. Silicosis is an occupational lung disease caused by inhaling crystalline silica mostly common used in denture manufacture. Silicosis is a respiratory illness that causes inflammation and defects in lung tissue. Crystalline silica dust inhaled will be stored in the respiratory system. Deposition point, however, depends on particle size. The largest size of the particle will be saved in the nasopharynx (the upper respiratory tract, nose and throat) and eliminated by the organisms. Meanwhile, the smallest particles (respirable) will be penetrated into the trachea, bronchi and alveolar duct (throat, lung area above and below). This condition is considered as the early development of silicosis.
3 During 1994-2000, the Center for Disease Control and Prevention (CDC) in Atlanta had conducted a research reporting nine cases of silicosis suffered by dental technicians. 4 The CDC claims that dental technicians have a high risk for exposure to silicosis dust through air. 5 Dental Health Technology Diploma Study Program of Vocational Faculty, Universitas Airlangga is an educational institution that graduates dental technicians. Students take this study program for 3 years or more. During their study, students learn how to make prosthesis of teeth in the dental laboratory using materials containing crystalline silica, such as gypsum, ceramics, planting material, sandblast and others. As a result, those students are exposed to crystalline silica through breathing during denture making process causing dust in the air, such as stirring the powder, removing the results of mold casting, cutting, polishing casting and ceramics, as well as using sandblaster. Therefore, students, dental technicians and teaching staffs who daily work in the lab will have a high risk for exposure to crystalline silica material. Nevertheless, levels of total dust and silica in the laboratory of Dental Health Technology Diploma Study Program of Vocational Faculty, Universitas Airlangga had never been measured.
Therefore, this research aims to determine the levels of crystalline silica in the dust in the dental laboratory of Dental Health Technology Diploma Study Program, Vocational Faculty, Universitas Airlangga. Finally, the significance of this research is to control and prevent air pollution optimally against harmful silica material impact on those students, dental technicians and teaching staffs working in there.
materials and method
Samples used were dust aspirated or collected from the dental laboratory spaces I and II using a LVDS (Low Volume Dust Sampler, Hitachi type 35 RC-20SC5). Filtration technique was used in this research to collect dust particles. Before collecting the dust, measurement points were determined. There were three measurement points, namely point 1, point 2 and point 3 in the dental laboratory spaces I and II. Suctioning dust was conducted on such points, each of which was measured 2 times, and the pump speed used was 10-30 lpm. 6 This technique used a circular filter (round) with a porosity of 0.3-0.45 µm.
The samples were divided into two groups, namely Group X and Group Y. Filters for both X and Y were previously weighed before stored in petri discs, and then put in a desiccator for 24 hours. There are two filters used in Group X, namely X1 set on holder before practicum and X2 set on holder during practicum. Meanwhile, in Group Y as a control group, there were also two filters used, namely Y1 put in petri disc and Y2 placed in the open space in the dental laboratory.
Afterwards, the pump was turned on, and the speed of air flow was checked again. Collecting dust was performed for 30 minutes. The indoor air temperature and pressure then were recorded when dust sampler was turned on. The indoor air temperature and air pressure were also measured when the pump was turned off. The filters were removed from the holders by using tweezers, put in petri disc, and put back into the desiccator for 24 hours. Level of total dust collected then was weighed using an analytical balance (with a minimum sensitivity of 0.01mg). Data obtained were put into the following formula:
3 ) x1 = the weight of the filter prior to exposure x2 = the weight of the filter after exposure y1 = the weight of filter without treatment before exposure y2 = the weight of filter without treatment after exposure T = time (minutes) F = flowrate (liters per minute).
elements of crystalline silica in dust were measured quantitatively using X-Ray Defractometry tool (xPertPro PANalytical), while the size and morphology of silica were measured using a scanning electron microscope, energy Dispersive X-ray (eDX SeM, Inspect S50). The result data obtained in the scale ratio were tabulated and statistically analyzed by t test.
results
The results of the statistical test using paired T-test, moreover, showed that there were significant differences in the total dust found at those three points in the dental laboratory space I between before and during practicum with p: 0.003<α 0:05. Similarly, there were significant differences in the total dust found at those three points in the dental laboratory space II between before and during practicum with p: 0.000 <α 0:05.
The results of the statistical test using Independent T-test, furthermore, showed that there were significant differences in the total dust between the dental laboratory space I and the dental laboratory space II during the practicum with p: 0.015<α 0:05. The mean results indicate that the total dust in the dental laboratory space I during practicum was currently greater than in the dental laboratory space II. The focus of this research was crystalline silica dust in the form of quartz and cristobalite. The distribution of Si (purple color) in the total dust found in the dental laboratory space II at point 2 (with 40.000x magnification).
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The 
discussion
The results showed that the total dust in both dental laboratory spaces was higher than the Threshold Limit Value (TLV) about 10 mg/m 3.8 As a result, it indicates that the condition of those two dental laboratory spaces was not good and healthy for both dental technicians and students working there since the total dust can make them discomfort and trigger several potential diseases. For instance, it can reduce vision, cause unpleasant sediment on eyes, nose and ear as well as lead to skin damage. eDX of SeM examination results obtained on the dust, moreover, indicated that the level of silica (Si) contained was quite high (Figure 1 ). This was due to the use of lab materials in the form of planting materials, gypsum, as well as ceramic materials for the manufacture of dental crowns, permanent dentures and removable dentures. Materials contained in dental ceramics are kaolin and feldspar (K2O-Al2O3.SiO2) on build-up, polishing and finishing processes, which can be a source of spread of silica dust in room. 9 Similarly, Figure 1 depicts how silica spread at all points 1, 2 and 3 in the dental laboratory spaces I and II.
The results of Xray Defractometry examination, furthermore, showed that there was quartz dust found at all sampling points in the dental laboratory space I. Meanwhile, in the dental laboratory space II, quartz dust was only found at point I and II. On the other hand, cristobalite dust was found at all sampling points in the dental laboratory space I. Nevertheless, there was no cristobalite dust found at all sampling points in the dental laboratory space II. These results indicate that both the dental laboratory spaces I and II had been exposed to silica dust, either quartz or cristobalite although quartz dust was only found at point I and II in the dental laboratory space II, while both quartz and cristobalite were not found at point 3 in the dental laboratory space II.
In addition, levels of silica found in this research were greater than the specified threshold limit value determined, about 0.1 mg/m 3 for quartz and 0.05 mg/m 3 for cristobalit. 10, 11 This situation was triggered by a condition that during practicum there were no specific rooms divided based on kinds of laboratorial work. All of the rooms are interconnected and not separated by a partition. The rooms are also cramped and lack of exhaust systems and ventilation (especially dental laboratory I). As a result, students get a high risk of being exposed or contaminated with air containing hazardous materials, such as metal, resin or silica causing pneumoconiosis.
Some cases of pneumoconiosis due to silica actually have been found. 12 Silica dust can cause silicosis. Silica contained in dental ceramics can be spread when stirring the ceramic powder or during grinding or polishing. Consequently, the surrounding environment can be exposed to it. exposure can also occur when stirring planting material and divesting (demolishing casting results). Planting materials often contain cristobalite, silica crystalline material that is the most toxic. During 1994-2000, occupational disease surveillance program in five countries had identified nine cases of silicosis in people working in dental laboratories. 4 Silicosis arising from inhalation of fine dust containing crystalline silica through the respiratory tract. Silica particles larger than 0.6 µ will be retained in the upper respiratory tract, while silica particles between 0.3 µ s/d 0.6 µ will arrive at the alveoli. Silica particles below 0.3 µ will follow brown movement, which is that dust particles can be inhaled and exhaled again. 13 Size of silica dust particle found in this research was in a variety of sizes ranging from 0.5 s/ d 7.3 µ (Figure 2) . The size and morphology of silica particles found were various due to grinding, divesting, polishing, sandblasting processes during practicum. As a result, dust can enter through the upper respiratory tract to pulmonary alveoli parts, and this can cause silicosis.
Silica dust found in the dental laboratory spaces, however, was not primarily lead to health problems of the students, dental technicians and teaching staff since there are many factors influencing health problems caused by Silica dust exposure. The health problems may arise when there is an interaction of several factors, such as high level of silica dust, frequency of exposure time, condition and endurance of those students, dental technicians and teaching staffs. A health problem caused by silica dust is known as silicosis disease. Symptoms of silicosis can be started by short breath, mid cough and chest tightness. Silicosis can get worse even though the cause has been terminated since silicosis cannot be cured, but the severity can only be prevented by avoiding silica dust exposure. Silicosis disease is often associated with other diseases, such as tuberculosis, kidney disease, lung cancer, fever and weight loss, even leading to death. If exposed to organisms that cause tuberculosis, mycobacterium tuberculosis, silicosis patients will have a risk three times more likely to suffer tuberculosis. 14 The level of silica in the dental laboratory spaces I and II was quite high since materials used in the laboratory contained a lot of silica. Besides that, a range of laboratory processes, such as investing, sandblasting, grinding, polishing and others, can cause silica dust flying in the laboratory. Laboratory conditions that are not too wide with the big number of students and dental technicians and inadequate ventilation have significantly made silica dust exposure high enough. Fortunately, students and dental technicians work in the laboratory less than 8 hours and not every day. This is in accordance with Regulation of Minister of Labor and Transmigration No. 1311 stating that based on threshold limit values (TLV) as the standards of working environmental factors recommended in workplace, workers can still tolerate bad condition of the workplace causing disease or illness for not more of 8 hours a day or 40 hours a week. Nevertheless, those students, dental technicians and teaching staffs working in the dental laboratory still need to be protected form silicosis disease.
Prevention of silicosis disease in the dental laboratory spaces I actually can be conducted by organizing the spaces of the laboratory to prevent dust produced from flying anywhere. For example, adequate ventilation needs to be set by installing exhaust fan or vacuum cleaner connected to a pipe, which ends can get into the water reservoir so that dust does not fly, but directly go into the water. Besides, students, dental technicians and teaching staffs must wear personal protective equipment (PPe), such as gloves, goggles, gowns and masks during in the laboratory in order to maintain health. Personal Protective equipment used should meet the standards of OSHA, namely: can protect against hazards, can be worn comfortably, cannot restrict movement, as well must be durable and can easily be cleaned. 15 Finally, in conclusion the levels of total dust and silica quartz dust in both the dental laboratory spaces I and II were greater than TLV determined. 
